In 1935, Snodgrass proposed that the evolutionary ground state of arthropod limbs consisted of two segments. Recent genetic studies on the Antennapedia and Homothorax genes of Drosophila raise questions about the nature of this ground state appendage.
Arthropods develop a remarkable variety of segmented appendages with specialized functions. These include legs, for locomotion, mouthparts, for feeding, and antennae, which serve as sensory appendages. Though very different in external appearance and function, the segmented appendages have been considered to be homologous on the basis of their developmental anatomy [1] . Homeotic mutations that transform one appendage into another have brought wide acceptance to this view. The Nasobemia allele of the Antennapedia gene provides a striking example of trans-formation from antenna to leg [2] (Figure 1 ). More recently, studies of axis formation have shown that the signaling mechanisms responsible for antero-posterior, dorsoventral and proximo-distal patterning appear to be identical in the developing leg and antenna primordia [3] [4] [5] .
The view that all segmented appendages are variations on a theme implies that they have a common origin. The idea of a common origin can be approached at two levels: the developmental ground state and the evolutionary ground state. We can examine the developmental ground state within an organism by asking what sort of appendages would form in the absence of genes that make segments different from one another. Using genetics to explore the evolutionary ground state is a more complex problem and requires that we understand the genes that define the basic building blocks of the limbs, as distinct from their segment specific properties. A recent study by Casares and Mann [6] takes a look at these issues through the lens of the Antennapedia and homothorax genes of Drosophila. As we will see, their analysis is complicated by the fact that homothorax has roles in both segment identity and proximodistal segmentation of the limbs.
What do insect appendages look like in the absence of genes that specify body segment identity? One answer has come from analysis of a deletion mutant that removes the entire homeotic selector gene (HOX) complex from the flour beetle Tribolium. This deletion produces animals in which every segment develops an identical antenna-like appendage [7] . By examining the roles of Sex combs reduced, Antennapedia and homothorax, Casares and Mann reach a different conclusion and propose that the developmental ground state is leg-like in character. The principal difference between these studies is the presence or absence of homothorax.
Antennapedia is a homeotic selector gene that is normally not expressed in the antenna. Misexpression of Antennapedia in the antenna imaginal disc can convert an antenna into a (T2) leg [2, 8] . Antennapedia is thought to act by repressing genes that are important for antennal identity, including homothorax [9] . The other selector genes of the HOX complex can do so as well [10] . homothorax encodes a TALE class homeodomain protein, which functions by promoting nuclear localization of the PBC class homeodomain protein Extradenticle [11] [12] [13] . Previous studies have shown that removal of either homothorax or extradenticle is sufficient to transform antenna to leg [9, 14, 15] . Conversely, coexpression of homothorax and Distal-less causes parts of the leg and genitalia to adopt antennal identity [9, 16, 17] . Thus, it is likely that the antenna-like character of the limbs in the Tribolium HOX deletion mutants depends on expression of the homothorax gene in each segment. It can be argued that the combination of homothorax and Distal-less determines antennal identity, and that the role of Hox genes like Antennapedia is to limit coexpression of these genes to the antenna disc ( Figure 2 ).
The second issue raised by Casares and Mann [6] is that understanding homothorax function might shed light on the evolutionary ground state of the limb. To place this in context, we will first review Snodgrass' ideas [1] about limb evolution based on comparative morphology. Snodgrass proposed that appendages evolved as simple outgrowths from the body wall. The outgrowths were proposed to be unsegmented, but could be moved to a limited extent using muscles inserted into the body wall. He envisaged that simple outgrowths might have evolved into more flexible, adaptable appendages by the acquisition of joints, to form segments. Each segment could then have been moved independently by muscles inserted into the next more proximal segment. Snodgrass considered the evolutionary ground state of the segmented appendage to consist of a basal segment, which he called the coxopodite, and a distal segment, the telopodite (see Figure 2) .
The coxopodite/telopodite model gained substantial support from genetic and developmental analysis of the Distal-less gene. Distal-less encodes a homeodomain-containing transcription factor that is required for development of all the limbs of Drosophila [18] . Distal-less mutants lack all the distal segments of the appendages but retain the basal-most segments such as the coxa in the leg and the A1 segment of the antenna [19] [20] [21] . In addition, Campbell and Tomlinson [21] have used lineage-tracing methods to show that all segments except the coxa derive from cells that express Distal-less at some stage during leg development. The segments that are unaffected in Distal-less mutants are those which are moved by muscles that insert into the body wall, fulfilling Snodgrass' definition of coxopodite. These observations have led to the proposal that Distal-less function specifies the telopodite in all the limbs. Distal-less expression has been shown to mark the distal tip of all sorts of body-wall outgrowths in a wide variety of organisms, suggesting that Distal-less function is ancient and that it may lie at the root of appendage evolution [22] .
Casares and Mann report that legs or antennae lacking
Antennapedia and homothorax function form 'two-segment' appendages with leg-like identity [6] . As noted above, removal of homothorax alone is sufficient to cause transformation of antenna to leg. homothorax mutant legs and antennae look quite similar to one another. Both have a fused proximal segment with leg-like character and develop a tarsus, which subdivides into the 5 tarsal segments typical of the leg. Segment formation in the leg depends on localized expression of the Notch ligands Delta and Serrate which activate the Notch signaling pathway to define the position at which joints will form [23] [24] [25] . Casares and Mann [6] found that Delta and Serrate expression and expression of the Notch target genes four jointed and odd skipped were lacking in the proximal segment of homothorax mutant discs, consistent with the lack of overt segmentation.
Casares and Mann [6] suggest that the homothorax mutant limb may reflect the evolutionary ground state of the arthropod limb. Do the two segments of this limb correspond to the coxopodite and telopodite that comprise the evolutionary ground state envisaged by Snodgrass? The segmented tarsus can reasonably be considered as a modified version of the ancestral telopodite, which depends on Distal-less activity. Does the fused proximal segment in homothorax mutant limbs represent a true coxopodite? In our view, there are reasons to doubt this. Casares and Mann [6] point out that the fused proximal segment produces bristle types typical of both proximal and distal leg segments. homothorax and its partner extradenticle have been shown previously to prevent fusion of coxa and more distal segments of the leg [14, 26] . One function of homothorax and extradenticle is to repress expression of the dachshund gene [15, 26, 27] . dachshund is expressed in femur and tibia segments of the leg under control of Wingless and Decapentaplegic (Dpp) [5] . These segments are considered as part of the telopodite on anatomical grounds and because they are deleted when Distal-less activity is removed. Thus the fused proximal segment that results from lack of homothorax appears to have a mixture of proximal and distal identities. On this basis, we would argue that the proximal segment of the homothorax mutant reflects a fusion of coxopodite and telopodite elements, and as such may not be a good reflection of the evolutionary ground state.
If the function of Distal-less is to specify telopodite, and the function of homothorax is to keep coxopodite and telopodite separate, what genes are responsible for specification of coxopodite? One possibility is the teashirt gene. teashirt encodes a zinc-finger protein that is required for development of proximal leg segments, and has not yet been found to have any effect on development of distal segments [28, 29] . Wingless and Dpp act together to induce Distal-less expression in the distal region [5] and to limit teashirt expression to proximal regions of the imaginal discs [28, 29] . teashirt in turn helps to limit the proximal extent of Distal-less expression. The defects in proximal limb development caused by the teashirt mutants examined to date probably reflect partial loss of function for the locus. Perhaps a complete loss of function would lead to loss of all coxopodite structures. If so, it would be possible to make a case that teashirt specifies coxopodite and Distal-less specifies telopodite. These two genes may have reciprocal roles in the initial proximal-distal subdivision of the limb into the two domains of the ground-state envisaged by Snodgrass.
